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To identify the change in distribution of insects in climate warming, changes in abundance of beetles
were predicted using data from 366 survey sites (forests) in South Korea. Abundance along temperature
gradients showed patterns (linear or hump-shaped) of normal distribution for 18 candidate species.
Mean abundance in temperature zones of these species was used to predict the change in abundance.
Temperature change was based on climate scenario Representative Concentration Pathways (RCP) 4.5
and 8.5 and abundance of the two periods from 2011 to 2015 and 2056 to 2065 were predicted. Of the 18
species analyzed, six were predicted to increase in abundance and 12 were predicted to decrease. Using a
high relationship between abundance change and temperature of collected sites, a qualitative prediction
was conducted on non-candidate species with  1% occurrence. This prediction also shows that more
beetle species in South Korea will decrease rather than increase as climate warms.
Copyright  2015, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Poleward shifts or upward shifts have been widely reported
across various organisms throughout the 20th century (Parmesan
et al 1999; Konvicka et al 2003; Hickling et al 2006; Kwon et al
2014a). Likewise, global warming is leaving a clear climate ﬁnger-
print in the biosphere (Parmesan and Yohe 2003; Walther et al
2002, 2005). However, due to the complex interaction between
organisms and environmental factors (Thomas et al 2004) and the
lack of data that can be used for predictions, there are many un-
certainties to predict the biological reaction due to climate change.
Studies on inﬂuences of climate change are concentrated in ﬂagship
taxonomic groups (i.e. butterﬂies, birds, ﬁsh, and trees) and thus
there are few studies on most taxonomic groups. Therefore, sufﬁ-
cient data on biological changes of these neglected groups must be
obtained to reliably predict the change of biosphere resulting from
climate change (Hickling et al 2006).
Beetles are an insect group with the highest diversity in the
world and have currently about 350,000 known species (Gullan
and Cranston 2010). In the ecosystem, beetles play various rolesþ82 2 9612679.
.
useum of Korea (NSMK) and
um of Korea (NSMK) and Korea Na
ecommons.org/licenses/by-nc-nd/4such as predators, herbivores, detritivores, and fungivores, and
they are also important food sources for birds, mammals, ﬁsh,
amphibians, and reptiles. Moreover, beetles are also used as bio-
indicators that monitor various environmental disturbances such
as forest management, clear-cutting, and forest ﬁres (Kotze et al
2011). Changes in beetle distribution due to climate change are
expected to have a great cascading effect on the terrestrial
ecosystem because of its high diversity and various ecological
functions. Despite this, there are few cases of using beetles in
climate change studies, and there are no studies from a national
perspective that reveal or predict distribution changes due to
climate changes.
In South Korea, studies on prediction of changes in distribution
due to climate warming have been conducted focusing on arthro-
pods. Studies that predict changes of aquatic insect distribution and
diversity using national investigations by the Ministry of Environ-
ment (Li et al 2013, 2014), and studies on ants (Kwon et al 2014c)
and spiders (Kwon et al 2014b) have used the national survey data
of the Korea Forest Research Institute. This study was carried out in
order to identify how the abundance and distribution of beetles
that live in the forests of South Korea will change according to
climate warming using data of beetles collected in the data sets. It
was presumed that the increase of temperature will be accorded
with the climate change scenario Representative Concentration
Pathways (RCP) 4.5 and 8.5.tional Arboretum (KNA). Production and hosting by Elsevier. This is an open access
.0/).
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Study site
The sampling of beetles was conducted at 366 forest sites (Kwon
et al 2014b, 2014c). In order to select the study sites evenly, eight
were randomly assigned in 0.5 longitude and 0.5 latitude grids. In
this sampling design, a mean 8.3 study sites (standard
deviation ¼ 1.8, 6e13) were selected within a 0.5 grid. The study
sites also include 12mountains over 1100m above sea level such as
Seoraksan, Hwaaksan, Jirisan, Gyebangsan, Gariwangsan, Tae-
baeksan, Sobaeksan, Minjujisan, Deokyusan, Gayasan, Unmunsan,
and Hallasan Mountains. The three highest mountains of South
Korea (Hallasan, Jirisan, and Seoraksan) were included in the ex-
amination of high mountains. In these high mountains, four to
seven study sites were selected at intervals of 200e300 m. Study
sites were selected from healthy forests aged > 30 years and well-
developed understory vegetation. However, because the tops of
high mountains are grasslands with shrubs, these places were
selected for the study sites.
Survey and identiﬁcation of beetles
Surveys on beetles were carried out from 2006 to 2009 between
mid-May to mid-September. The environmental factors of the
survey site and the weather at the time of survey (period when
traps were installed) were reported by Kwon et al (2013). Ten traps
were installed in a line at 5-m intervals at each study site and were
collected 10e15 days later. The traps were ﬁlled by one-third with
automobile antifreeze liquid (polyethylene glycol, environmentally
friendly) as a preservative. Because automobile antifreeze liquid
does not have any effect in attracting beetles and because it has low
evaporation rates and is suitable for the preservation of insect
specimens, it is commonly used as a preservation liquid for pitfall
traps (Greenslade and Greenslade 1971). For the trap container, a
plastic container (diameter: 9.5 cm, depth: 6.5 cm) used as a soup
container in outdoor lunch boxes available in the market was used.
When collecting the traps, the liquids in the container were ﬁltered
out using a ﬁnemesh and the remains including beetle bodies were
placed in the container and the lid was closed, which was then
taken to the laboratory and preserved with ethanol (100%). All
specimens were dried and identiﬁed at the species level or
morpho-species level. In the case of genera that were difﬁcult to
identify to the species level (i.e. Synuchus and Eucarabus), theywere
identiﬁed as a species group (spp.). C.M. Lee and Y.B. Cho identiﬁed
Carabidae and Staphylinidae, respectively, and S.-S. Kim identiﬁed
the remaining families.
Analysis and prediction
Environmental factors
Temperature (annual average temperature, highest tempera-
ture, lowest temperature), annual rainfall, sunlight, and vegetation
index (Normalized Difference Vegetation Index, NDVI of May 2005)
of the study sites were estimated using Geographic Information
System (GIS) with the coordinates of the study sites. The temper-
ature was estimated based on the digital climate map provided by
the Korea Meteorological Administration and the National Center
for AgroMeteorology (Yun et al 2013), and the average from 1971 to
2008 was used. The scale of the spatial resolution grid was 30 m.
Relationship between environmental factors and abundance
The relationship of the abundance (number of individuals per
trap) of 24 common specieswith an occurrence (percent of collected
sites) of 10% and the environmental factors of the study siteswereanalyzed using correlation analysis. Signiﬁcance was determined at
p< 0.05. In addition, stepwisemultiple regression analysiswas used
to create the multiple regression models for the abundance of 18
candidate species that were projected for abundance change.
Prediction of temperature change
In 2012, based on the new climate change scenario to be used in
the ﬁfth report of the UN Intergovernmental Panel on Climate
Change, the Korea Meteorological Administration developed and
distributed a detailed climate change scenario for the Korean
Peninsula (grid length of 12.5 km) as well as South Korea (grid
length 1 km). In this study, the distribution map of average tem-
perature of the RCP 4.5 and 8.5 scenarios (1 km resolution)
distributed by the Korea Meteorological Administration were used
to predict the abundance of beetles from 2011 to 2015 and 2056 to
2065 per grid (1 km2).
Prediction of abundance
Generally, most species distribution models take into consid-
eration various environmental factors, but factors that can actually
be predicted due to climate change are temperature and precipi-
tation, but precipitation has high variation according to time and
space (Yun et al 2013), giving it low predictability compared to
temperature. Accordingly, predictions have been made with the
assumption that factors other than temperature do not change in
the model including various environmental factors (i.e. ecological
niche model). However, because other environmental factors will
also change complexly together with climate change, such an
assumption may be far from reality. Therefore, rather than the
complex models that consider various factors aside from temper-
ature, a simple model that takes into account only temperature
would be more feasible and can reduce uncertainty from
complexity of models. This is more so in the case of South Korea
where the relationship of distribution of beetles and environmental
factors is unknown. In this study, seven factors were used to create
various multiple regression models, but their explanatory power
was low at 0.8e15.2%, so it was judged that there would be limi-
tations to make predictions with just these models (Table 1). Thus,
in this study, the change of abundance was predicted as below
using the average of abundance of each temperature zone.
When analyzing the correlation between the 24 species with 
10% occurrence (with  37 collected study sites) and the environ-
mental factors, the temperature (minimum and average) is more
related with abundance compared to other environmental factors
(Table 2, Figure 1), but this alone can explain only w2% of the
variation in abundance (Figure 1). When comparing the average
abundance along a gradient of temperature zones, a close rela-
tionship between abundance and temperature emerged (Figures 2
and 3) . In this study, the average temperature of the study sites
were grouped into seven temperature zones of 3e7C, 7e9C, 9e
11C, 11e13C, 13e15C, 15e17C, and 17e19C to calculate the
average and standard error of abundances at the occurred sites per
temperature zone. When comparing the averages of abundance
across temperature zones, it is assumed that species with linear or
unimodal patterns (may be produced by normal distribution) have
a high correlation with temperature. Results of analyses showed
such a distribution pattern for 18 of 24 species. The average
abundance in each temperature zone was used for prediction of
abundance changes according to temperature changes (Table 3).
Two periods from 2010 to 2015 and 2056 to 2065 were projected,
and the distribution of temperature zones in the two periods was
used to project abundance by substituting the average abundance
of each temperature zone. This study was conducted only at
forested sites so the analysis was applied only in the forests. Tem-
perature zones of 15C are not seen currently, so there are no data
Table 1. Species distribution by multiple regression model for 18 candidate beetle species.*
Species Korean name Multiple regression model R2 p
Chlaenius naeviger 쌍무늬먼지벌레 y ¼ 1.31425 þ 0.10859*X3 þ 003837*X2 0.096 0.0000
Tolmerinus sp. 1 y ¼ 0.003698 þ 0.074653*X3 0.067 0.0000
Platydracus brevicornis 홍딱지반날개 y ¼ 2.10119 þ 0.07005*X5 0.04946*X4 0.100 0.0000
Synuchus spp. 2 y ¼ 0.459635e0.000203*X1 0.008 0.0408
Onthophagus atripennis 혹가슴검정소똥풍뎅이 y ¼ 2.51210 þ 0.49089*X3 0.15285*X4 0.056 0.0001
Eucarabus spp. 1 y ¼ 1.396878e0.073771*X4 0.0003*X7 0.055 0.0010
Hylobitelus haroldi 솔곰보바구미 y ¼ 0.354905 0.015761*X4 0.038 0.0159
Coptolaburus jankowskii 멋쟁이딱정벌레 y ¼ 0.462999e0.000205*X7 þ 0.000013*X6 0.045 0.0051
Misolampidius tentyrioides 호리병거저리 y ¼ 0.181626e0.016424*X4 0.000097*X7 0.020071*X5 0.106 0.0000
Anaedius mroczkowskii 묘향산거저리 y ¼  1.10515 þ 0.04604*X5 0.040 0.0019
Calosoma maximowiczi 검정명주딱정벌레 y ¼ 0.361934e0.018965*X4 0.004361*X2 - 0 0.000147*X7 0.025420*X5 0.000043*X1 0.152 0.0000
Planetes puncticeps 두점박이먼지벌레 y ¼ 0.780712 þ 0.095373*X3 þ 0.000079*X1 0.030700*X4 0.129 0.0000
Pseudoplandria sp. 1 y ¼ 0.668930 0.020025*X4 þ 0.020983*X5 0.024 0.0119
Nitidulidae sp. 4 y ¼ 0.036793 þ 0.005680*X3 0.000008*X6 0.069 0.0000
Algon grandicollis 가슴반날개 y ¼ 0.004355 þ 0.019799*X5 0.036064*X3 þ 0.014068*X4 0.052 0.0006
Ocypus coreanus 한국반날개 y ¼ 0.048248e0.020796*X4 0.022851*X5 þ 0.044779*X3 0.077 0.0000
Ocypus weisei 노랑털검정반날개 y ¼ 0.181310 0.005252*X5 0.037 0.0085
Pocadites sp. 1 y ¼ 0.022837 þ 0.003698*X3 0.021 0.0051
* Environmental factors: rainfall (X1), insolation (X2), mean temperature (X3), minimum temperature (X4), maximum temperature (X5), NDVI (X6), and altitude (X7).
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temperature zones were estimated using the Neighborhood
Approximation Method (Kwon et al 2014b). All GIS related analyses
were conducted using ArcGIS 10.1 (ESRI, Redlands, CA, USA).
Results and discussion
Abundance of spiders and environmental factors
The occurrence of 385 species collected in the 366 forest study
sites in South Korea and the temperature of the study sites are as
shown in Appendix 1. The frequency of the average of annual
average temperature of the study sites of all species followed a
normal distribution as shown in Figure 4 (KolmogoroveSmirnov
test, D ¼ 0.044, p ¼ 0.2). The correlation analysis results of the
abundance of the 24 common species with an occurrence > 10%
and the environmental factors are shown in Table 2. Comparison ofTable 2. Correlation between abundance (no. of individuals per trap) and environmenta
Species Korean name Environmental factor
Precipitation Insolation
Synuchus spp. 1 0.05 0.007
Chlaenius naeviger 쌍무늬먼지벌레 0.11* 0.10
Tolmerinus sp. 1 0.07 0.05
Platydracus brevicornis 홍딱지반날개 0.17z 0.03
Maladera spp. 1 0.09 0.07
Synuchus spp. 2 0.11* 0.008
Nicrophorus guadripunctatus 0.04 0.03
Onthophagus atripennis 혹가슴검정소똥풍뎅이 0.02 0.04
Eucarabus spp. 1 0.02 0.08
Onthophagus fodiens 모가슴소똥풍뎅이 0.07 0.05
Hylobitelus haroldi 솔곰보바구미 0.12* 0.06
Coptolaburus jankowskii 멋쟁이딱정벌레 0.04 0.07
Misolampidius tentyrioides 호리병거저리 0.06 0.07
Anaedius mroczkowskii 묘향산거저리 0.08 0.02
Pseudocneorhinus bifasciatus 땅딸보가시털바구미 0.09 0.03
Calosoma maximowiczi 검정명주딱정벌레 0.03 0.16y
Leptomias humilis 애뚱보가슴바구미 0.07 0.01
Planetes puncticeps 두점박이먼지벌레 0.01 0.07
Pseudoplandria sp. 1 0.07 0.0003
Nitidulidae sp. 4 0.10 0.09
Algon grandicollis 가슴반날개 0.14y 0.0002
Ocypus coreanus 한국반날개 0.01 0.09
Ocypus weisei 노랑털검정반날개 0.13* 0.07
Pocadites sp. 1 0.03 0.02
Signiﬁcance, * p < 0.05, y p < 0.01, z p < 0.001.the r2 (determination index) of the environmental factors in these
species are as shown in Figure 1. The environmental factors with
the largest impact on the distribution of beetles were maximum
temperature, average temperature, low temperature, and altitude,
but there was no signiﬁcant difference among these four major
environmental factors. Altitude had a high correlation with abun-
dance due to its high correlation with temperature (Kwon 2014;
Kwon et al 2014c). However, the determination indices of these
major factors were low at under 0.03. Precipitation, vegetation in-
dex, and insolation had relatively low determination index values.
Change of temperature according to climate scenario RCP 4.5 and
8.5
When examining the change of temperature according to the
climate change scenario RCP 4.5 and 8.5 (Kwon et al 2014b), it is
predicted that 50 years later, the average temperature of Korea willl factors in common (> 10% occurrence) beetle species.
Mean
temperature
Minimum
temperature
Maximum
temperature
Vegetation index Altitude
0.05 0.07 0.01 0.009 0.02
0.30z 0.23z 0.26z 0.17y 0.23z
0.25z 0.22z 0.22z 0.17y 0.21z
0.08 0.11* 0.22z 0.02 0.20z
0.13* 0.28z 0.03 0.12* 0.09
0.03 0.02 0.07 0.02 0.05
0.02 0.08 0.06 0.05 0.05
0.20z 0.20z 0.12* 0.06 0.12*
0.14y 0.15y 0.12* 0.10 0.08
0.07 0.01 0.11 0.05 0.12
0.01 0.09 0.10 0.06 0.07
0.03 0.02 0.07 0.08 0.10
0.14y 0.24z 0.04 0.12* 0.002
0.09 0.01 0.16y 0.03 0.12*
0.03 0.001 0.07 0.02 0.08
0.16y 0.25z 0.06 0.10 0.001
0.04 0.03 0.05 0.05 0.06
0.29z 0.26z 0.20z 0.18z 0.18z
0.001 0.09 0.08 0.01 0.06
0.22z 0.16y 0.21z 0.21z 0.20z
0.13y 0.05 0.18z 0.07 0.16y
0.18z 0.18z 0.15y 0.15y 0.12*
0.10 0.02 0.14y 0.01 0.13*
0.15y 0.11* 0.14y 0.07 0.13*
Figure 1. Determination index (R2) of environmental factors on abundance of the most common 24 beetle species. Data for this ﬁgure are provided in Table 2. Error bars indicate
one standard error. Different letters on bars indicate signiﬁcant differences between cases in Fisher’s least signiﬁcant difference multiple-comparison test after an analysis of one-
way analysis of variance, F 6, 161 ¼ 3.992, p < 0.001.
TS Kwon et al. / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 7e3010rise from 12.15C to 13.3C with RCP 4.5 and increase from 11.17C
to 14.41C with RCP 8.5. The high temperature zone of over 15C
that does not appear in the current climate is expected to increase
by 19% in RCP 4.5 and 43% in RCP 8.5 in the next 50 years.
Prediction of abundance in each of the spider species
Quantitative prediction of abundance
The projected abundance of the candidate species (the national
average of number of individuals per trap) according to climate
change scenarios RCP 4.5 and 8.5 are shown in Table 4. AmongFigure 2. Temperature (annual mean) and abundance (number othese, six species are expected to increase in abundance and the
remaining twelve are expected to decrease. The projected change of
abundance and distribution in these species was described ac-
cording to the order of occurrence (number of collection sites, from
high to low).
Chlaenius naeviger
This species was reported to live in various habitats such as
farmlands, grasslands, thickets, riversides, and forests (Lake Biwa
Museum 2014). It is reported in Korea, Japan, China and Taiwan,
and in South Korea it is distributed nationwide, such asf individuals per trap) of the most common beetle species.
TS Kwon et al. / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 7e30 11Wangbangsan Mountain, Gwangneung, Namhansanseong,
MyeongjisanMountain, ChiaksanMountain, NaejangsanMountain,
and Jirisan Mountain (Park and Paik 2001). It is reported that it is a
predator that preys on larvae of moths, and they change their ac-
tivity times when there are other large ground beetles (Lake Biwa
Museum 2014). The abundance of this species showed signiﬁcant
correlation with environmental factors excluding insolation and it
displayed negative correlation with precipitation and vegetation
index, and positive correlation with environmental factors beingFigure 3. Abundance (number of individuals per trap) in the most common (> 10% occurr
signiﬁcant differences (p < 0.05) in Fisher’s least signiﬁcant difference multi-comparison tehighly related to temperature (Table 2). Multiple regression anal-
ysis showed that average temperature and insolation had a signif-
icant impact on abundance (Table 1). We found that it was
distributed throughout South Korea and was collected at 125 sites
with an occurrence of 34.2%. This species is the second highest in
occurrence (Appendix 1). The temperature range was 7.6e14.1C
and the average (annual average temperature) of the collected sites
was relatively high at 11.4C. Therefore, it is expected that the
abundance will increase by 14.4% at RCP 4.5 and 54.9% at RCP 8.5ence) 24 beetle species. Error bars mean one standard error. Different letters indicate
st after one-way analysis of variance.
Figure 3. (continued).
TS Kwon et al. / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 7e3012when the temperature rises (Table 4), and it is expected that
despite an upward shift, there will not be any reduction in abun-
dance in the lowlands, so it will show high abundance throughout
South Korea.
Tolmerinus sp. 1
There are no records of rove beetles in the genus Tolmerinus in
Korea (Paek et al 2010). Its body length is 13.3  1.3 mm (standard
deviation, n ¼ 5) and it is mostly black with an oval head, and itsforewings protrude more than the front angle of the pronotum. The
abundance of this species shows signiﬁcant correlation with min-
imum annual temperature (hereafter, minimum temperature),
maximum annual temperature (hereafter, maximum temperature),
average annual temperature (hereafter, average temperature),
altitude, and vegetation index. It is positively correlated with
temperature, and negatively correlated with vegetation index,
showing that it prefers young rather than mature forests (Table 2).
However, multiple regression analysis showed that only average
Figure 3. (continued).
TS Kwon et al. / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 7e30 13temperature had a signiﬁcant impact on abundance (Table 1). We
found that it was distributed throughout South Korea and was
collected at 119 sites with an occurrence of 32.59%, thus being the
third commonest (Appendix 1). The temperature distribution range
was 7.6e14.1C and the average (annual average temperature) of
the collected sites was relatively high at 11.3C. It is predicted that
when temperature rises, the abundance will increase by 18.2% atRCP 4.5 and 68.9% at RCP 8.5 (Figures 5 and 6 and Table 4). Although
upward shift is expected, a decrease in abundance at low altitudes
is not expected (Figures 5 and 6).
Platydracus brevicornis
This species has a black head and the thorax and is covered with
yellowebrown hair, and its forewings and end of abdomen are also
Table 3. Abundance (average of no. of individuals per trap) in seven temperature zones used for prediction of beetle abundance.*
학명 종명 3e7 7e9 9e11 11e13 13e15 15e17 17e19
Chlaenius naeviger 쌍무늬먼지벌레 0.000 0.015 0.183 0.582 0.557 0.533 0.510
Tolmerinus sp. 1 0.000 0.012 0.124 0.453 0.468 0.484 0.501
Platydracus brevicornis 홍딱지반날개 0.000 0.134 0.435 0.179 0.136 0.103 0.078
Synuchus spp. 2 0.013 0.117 0.236 0.179 0.093 0.048 0.025
Onthophagus atripennis 혹가슴검정소똥풍뎅이 0.003 0.025 0.115 0.358 0.411 0.472 0.542
Eucarabus spp. 1 0.053 0.180 0.117 0.032 0.000 0.000 0.000
Hylobitelus haroldi 솔곰보바구미 0.007 0.035 0.063 0.029 0.007 0.002 0.001
Coptolaburus jankowskii 멋쟁이딱정벌레 0.010 0.035 0.062 0.046 0.014 0.004 0.001
Misolampidius tentyrioides 호리병거저리 0.010 0.058 0.031 0.012 0.004 0.001 0.000
Anaedius mroczkowskii 묘향산거저리 0.000 0.005 0.091 0.083 0.011 0.001 0.000
Calosoma maximowiczi 검정명주딱정벌레 0.007 0.063 0.031 0.007 0.000 0.000 0.000
Planetes puncticeps 두점박이먼지벌레 0.000 0.000 0.009 0.073 0.139 0.265 0.505
Pseudoplandria sp. 1 0.000 0.014 0.164 0.052 0.007 0.001 0.000
Nitidulidae sp. 4 0.000 0.000 0.020 0.035 0.046 0.061 0.081
Algon grandicollis 가슴반날개 0.000 0.005 0.019 0.034 0.011 0.003 0.001
Ocypus coreanus 한국반날개 0.017 0.071 0.016 0.003 0.007 0.015 0.032
Ocypus weisei 노랑털검정반날개 0.000 0.005 0.024 0.044 0.011 0.003 0.001
Pocadites sp. 1 0.000 0.005 0.015 0.019 0.039 0.081 0.168
* Abundance at 3e15C is observed values, and that at 15e19C is estimated by the Neighborhood Approximation Method (Kwon et al 2014b).
Figure 4. Histogram of average temperatures (annual mean) at the collection sites of
beetle species. This pattern did not differ signiﬁcantly from a normal distribution.
KolmogoroveSmirnov test, D ¼ 0.044, p > 0.2). Data for this ﬁgure are provided in
Appendix 1.
Table 4. Change of abundance of the 18 candidate beetle species according to climate sc
Species Korean name RCP 4.5
2011e2015 2056
Chlaenius naeviger 쌍무늬먼지벌레 0.423 0.484
Tolmerinus sp. 1 0.334 0.395
Platydracus brevicornis 홍딱지반날개 0.222 0.191
Synuchus spp. 2 0.162 0.137
Onthophagus atripennis 혹가슴검정소똥풍뎅이 0.281 0.341
Eucarabus spp. 1 0.057 0.035
Hylobitelus haroldi 솔곰보바구미 0.032 0.023
Coptolaburus jankowskii 멋쟁이딱정벌레 0.040 0.031
Misolampidius tentyrioides 호리병거저리 0.018 0.012
Anaedius mroczkowskii 묘향산거저리 0.058 0.045
Calosoma maximowiczi 검정명주딱정벌레 0.016 0.009
Planetes puncticeps 두점박이먼지벌레 0.069 0.108
Pseudoplandria sp. 1 0.063 0.045
Nitidulidae sp. 4 0.031 0.039
Algon grandicollis 가슴반날개 0.021 0.018
Ocypus coreanus 한국반날개 0.013 0.010
Ocypus weisei 노랑털검정반날개 0.027 0.022
Pocadites sp. 1 0.022 0.033
TS Kwon et al. / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 7e3014yellowebrown. Adults are active during the day and they gather
around the carcasses or feces of animals (Shon 2009). In South
Korea, they are found in Masan Mountain of Gangwon-do (Oh et al
2011), Gyeongju National Park (Cho et al 2008), Byeonsanbando
National Park (Jeong et al 2011), and around dead trees in
Gwangneung forest (Lee et al 2012), and overseas, it has been re-
ported in China and Japan (Cho and Ahn 2001). The abundance of
this species was signiﬁcantly correlated with minimum tempera-
ture, maximum temperature, altitude, and precipitation, and it was
negatively correlated with precipitation, thus preferring forests
with low precipitation (Table 2). Multiple regression analysis
showed that maximum and minimum temperature had a signiﬁ-
cant impact on the abundance (Table 1). This study showed that it
was commonly distributed throughout South Korea and collected
at 117 sites with an occurrence of 32%. The temperature distribution
range was 7.6e14.1C and the average (annual average tempera-
ture) of the collected sites was 10.9C (Appendix 1). It was found
that the abundancewill decrease by 14% at RCP 4.5 and 33.3% at RCP
8.5 when the temperature rises (Figures 5 and 6 and Table 4). It
lived in most forested areas except high altitudes in Gangwon-do,
and was distributed more abundantly at high altitudes than low
altitudes. However, although they were not currently distributed at
the highest altitudes with low temperatures, it is expected that byenario RCP 4.5 and 8.5.
RCP 8.5
e2065 Change (%) 2011e2015 2056e2065 Change (%)
14.4 0.337 0.521 54.9
18.2 0.260 0.439 68.9
14.0 0.236 0.158 33.3
15.4 0.169 0.109 35.4
21.5 0.218 0.392 80.1
39.6 0.079 0.018 77.6
27.5 0.037 0.015 59.9
22.6 0.044 0.022 50.4
33.6 0.024 0.007 69.2
23.8 0.061 0.030 51.6
41.7 0.022 0.004 79.9
55.9 0.045 0.152 239.4
28.9 0.073 0.027 63.1
24.6 0.024 0.046 89.3
14.8 0.021 0.014 31.5
22.3 0.019 0.010 47.1
16.8 0.026 0.017 35.7
46.4 0.017 0.045 172.5
Figure 5. Change in abundance of 18 candidate beetle species according to climate scenario RCP 4.5.
TS Kwon et al. / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 7e30 15
Figure 5. (continued).
TS Kwon et al. / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 7e3016
Figure 5. (continued).
TS Kwon et al. / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 7e30 172060, theywill appear in most regions where they are currently not
found, and the higher the altitude, the more abundant the popu-
lation will become (Figures 5 and 6).Synuchus spp. 2
Most species in the genus Synuchus inhabit woodlands and
they are distributed throughout South Korea (Park and Paik
2001). There are 13 known species of the genus Synuchus in
Korea (Park and Paik 2001). It is difﬁcult to classify the genus due
to interspeciﬁc similarity in both external and internal structures
(Park and Paik 2001). This species group includes Synuchus
arcuaticollis and Synuchus Dulcigradus, which are < 10 mm in
length. This species group showed a signiﬁcantly negative cor-
relation only with precipitation (Table 2) and the results were the
same in the multiple regression analysis (Table 1). We found that
it was distributed throughout South Korea and the occurrence
collected at 98 sites was 27%, thus being the sixth highest in
occurrence (Appendix 1). The temperature distribution range was
6.1e13.3C and the average (annual average temperature) of the
collected sites was relatively low at 10.2C (Appendix 1). We
found that when the temperature rises, the abundance will
decrease by 15.4% at RCP 4.5 and 35.4% at RCP 8.5 (Table 4).
Currently, it inhabited most forested areas, excluding some
mountain areas at high altitude in Gangwon-do, but it is pre-
dicted that they will also begin to live in higher mountains as
they shift upward due to the increase in temperature. By contrast,
it is expected that the abundance will decrease at lower altitudes
in the southern and western parts of South Korea (Figures 5 and
6). In particular, it is expected that this species group will
disappear from many of the lower altitudes of the southern and
eastern coastal areas according to RCP 8.5 (Figure 6).Onthophagus atripennis
This species is glossy black and its length is 9.2 0.6mm (n¼ 5).
It tends to gather around the feces of humans and animals or
around rotten meat (Ueno et al 1989). In South Korea, it has been
recorded in Namsan Mountain in Seoul (Byun et al 2009), Oseosan
Mountain in Chungcheongnam-do (Hong et al 2012), Masan
Mountain in Gangwon-do (Oh et al 2011), and Byeonsanbando
National Park (Jeong et al 2011). Apart from Korea, it also reported
in Japan and China (Ueno et al 1989). Adults emerge between
March and October (Ueno et al 1989). It was distributed throughout
South Korea and was the seventh most common species, and it was
collected at 91 sites with an occurrence of 24.9% (Appendix 1). The
temperature distribution range was 6.8e14.1C (average 11.3C),
and thus abundance is expected to increase when temperature
rises (RCP 4.5: 21.5%, RCP 8.5: 80.1%, Table 4). Currently, it was
distributed mostly at low altitudes, but it is expected to move
to higher altitudes as the distribution region expands (Figures 5
and 6).
Eucarabus spp. 1
This species group is usually found in forests and 23 species
including subspecies have been recorded in Korea (Park 2004).
Both adults and larvae are predators that prey on snails, worms and
insects. The abundance of this species group showed signiﬁcant
correlation with average, minimum, and maximum temperature
(Table 2). Multiple regression analysis showed that maximum
temperature and altitude had a signiﬁcant impact on abundance
(Table 1). In this study, it was distributed throughout South
Korea, but it was mostly collected in the central and northern parts
such as Gyeonggi-do, Gangwon-do, and Northern Gyeongbuk. It
was collected at 89 sites and its occurrence was 24.3% with a
temperature distribution range of 6.1e12.7C while the average
(annual average temperature) of the collection sites was low
at 9.6C. It is predicted that when temperature rises, the abundance
will decrease by 39.6% at RCP 4.5 and 77.6% at RCP 8.5
(Table 4). It currently inhabited high altitudes and the distribution
region is expected to decrease when temperature rises, and the
reduction of the distribution area will be greater in RCP 8.5
(Figures 5 and 6).
Hylobitelus haroldi
This species has a thick and short mouth and is reddish brown
with many spotted lines, and yellow spots are arranged like a line
on the wings. Its length is 12.5  1.2 mm (n ¼ 5). The nymphs feed
on roots of dead pine trees and adults feed on fresh branches
(Hayashi et al 1994). They have been collected year-round in a
burned pine forest and an adjacent pine forest in Goseong,
Gangwon-do, and they occurred more abundantly in the burned
forest than the pine forest (Kwon and Park 2005). There are records
in Yeonyeobsan Mountain in May, which is on the border between
Hongcheon and Chuncheon (Lee et al 2005), and at Ulsudong
Valley, which is on the border between Gyebangsan and Odaesan
Mountains (Shin et al 2008). They have also been collected in high
mountains in Chungcheongnam-do (Byun et al 2008), Bye-
onsanbando National Park (Jeong et al 2011), Oseosan Mountain in
Chungcheongnam-do (Hong et al 2012), Ulleungdo Island (Lim and
Lee 2012; Lim et al 2013), and BannonsanMountain in Gangwon-do
(Lim et al 2012). Apart from Korea, it also reported in Japan and
China (Hayashi et al 1994). This species was collected at 19% of the
study sites with the 11th highest occurrence (Appendix 1). Among
the environmental factors, only precipitation showed a negative
correlation, so it was found to prefer relatively dry areas (Tables 1
and 2). The average of the annual average temperature of the
collected sites was 10.4C (6.8e13.9C). The abundance distribution
showed typical normal distribution along the temperature
Figure 6. Change in abundance of 18 candidate beetle species according to climate scenario RCP 8.5.
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determined by temperature, and that the temperature range in
South Korea is almost consistent with the temperature tolerance
range of this species (Figure 3). Therefore, as it is expected thatabundance of this species will decrease with the rise of tempera-
ture, it is predicted that when the temperature rises according to
RCP 4.5 and 8.5, it will decrease by 27.5% and 59.9%, respectively. It
is expected that the abundance will increase at high altitudes and
Figure 6. (continued).
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(Figures 5 and 6).
Coptolaburus jankwoskii
This species is usually found in forests and there are eight
subspecies in Korea (Park 2004). It has been reported in North-
eastern China, Ussuriysk in Russia, and South Korea including
Juwangsan Mountain, Jirisan Mountain, Taebaeksan Mountain,
Odaesan Mountain, Geojaedo Island, and Jejudo Island (Park 2004),
and it was collected throughout South Korea in this study. Both
adults and larvae are predators that prey on snails, worms, and
insects. Its abundance did not have environmental factors with
signiﬁcant correlation in the correlation analysis (Table 2) but
multiple regression analysis showed that maximum temperature
and vegetation index had signiﬁcant impact on the abundance
(Table 1). It was collected at 66 sites in this study and its occurrence
was 18%. The temperature distribution range was 6.8e13.4C and
the average (annual average temperature) of the collection sites
was relatively low at 10.4C. When temperature rises, the abun-
dance will decrease by 22.6% at RCP 4.5 and 50.4% at RCP 8.5
(Table 4). It is expected that as temperature rises, this species will
become increasingly abundant at high altitudes, and it will grad-
ually disappear in low altitude forests (Figures 5 and 6).
Misolampidus tentyrioides
This species looks like a gourd-shaped bottle, becoming narrow
between the thorax and abdomen. It is glossy black and its hind
femurs are wide. It hides under rotten barks during the day and
becomes active at night, and it winters inside rotten trees (Shon
2009). In South Korea, it was abundantly collected in dead trees
(Quercus serrata and Carpinus laxiﬂora) in the Gwangneung Long
Term Ecological Research sites (Lee et al 2012). There are records in
the Byeonsanbando National Park (Jeong et al 2011), NamsanMountain in Seoul (Byun et al 2009), and Oseosan Mountain in
Chungcheongnam-do (Hong et al 2012). In this study, it was
commonly collected in the northern areas of Chungbuk, Gyeonggi-
do and Gangwon-do, and was collected at 65 sites, which was 18%
of the total study sites (Appendix 1). It showed positive correlation
with vegetation index, thus being prone to increase in mature
rather than young forests. The temperature distribution range was
6.1e13.2C (average 9.6C; Appendix 1), and its abundance was
close to normal distribution with a peak in the 7e9C temperature
zone (Figure 3). Thus, it is presumed to be a northern species that
adapted to low temperatures and the predictions are reduction in
abundance by 33.6% (RCP 4.5) and 69.2% (RCP 8.5), and a reduction
in distribution area mainly in the southern region and eastern
coastal region (Table 4 and Figures 5 and 6).
Anaedius mroczkowskii
This species is brownish black and has a ﬂat body and stripes
made up of thick spots. Its length is 6.5e8.0 mm (Shon 2009). In
South Korea, there are records of it being collected in pitfall traps in
June in deciduous forests (altitude 1100 m) in Gariwangsan
Mountain (Lee et al 2014). It lives in pine forests and its adults
overwinter in rottenwoods (Shon 2009). In the investigation in the
Gwangneung LTER site, it was collected in dead woods of Q. serrata
and Carpinus laxiﬂora. They were collected only in window traps in
dead woods of Carpinus laxiﬂora, but in Q. serrata, relatively high
numbers were collected in window and emergence traps (Lee et al
2012). There are records in the Byeonsanbando National Park
(Jeong et al 2011) and Masan Mountain of Gangwon-do (Oh et al
2011). In this study, it was collected throughout South Korea, but
the collection sites were mainly found in the central area of South
Korea such as Chungcheongdo and Gyeongsangbuk-do. Multiple
regression analysis and correlation analysis indicated that
maximum temperature was only signiﬁcant (Tables 1 and 2). The
temperature distribution range was 8.1e13.5C (average 10.9C)
(Appendix 1), and abundance was highest between 9C and 13C
(Figure 3). Abundance is expected to decrease by 23.8% (RCP 4.5)
and 51.6% (RCP 8.5) (Table 4), and when it spreads to the Gangwon-
do areas where the current abundance is low, distribution in the
southern areas will decrease (Figures 5 and 6).
Calosoma maximowiczi
This species mainly inhabits the vegetation layer in forests and it
preys on larvae of various insects including moths (Lake Biwa
Museum 2014). It is distributed in Korea, Japan, China, Taiwan,
and Russia (Park and Paik 2001), and it was observed in Ulleungdo
Island and its surrounding islands in South Korea (Lim et al 2013).
In this study, it was mainly collected in Gyeonggi-do and Gangwon-
do at 51 sites, corresponding to 14% of occurrence. This species was
reported to occur within 8e11-year intervals of outbreaks of
Quadricalcarifera punctatella (Notodontidae) that appear in Japan
(Kamata 2006). It is likely that because it was collected only in the
1st year of the study (in Gangwon-do and Gyeonggi-do), it also
follows the Japanese outbreak. The abundance of this species
showed negative correlation with insolation, average, and mini-
mum temperature (Table 2). In multiple regression analysis, mini-
mum and maximum temperature, insolation, altitude, and
precipitation were signiﬁcantly inﬂuential on abundance (Table 1).
The R2 value of the multiplre regression model was 0.152, being the
highest among the species analyzed. The temperature distribution
range was 6.5e12.4C and the average (9.8C) of annual average
temperature of the collected sites was relatively low. It was found
that when temperature rises, the abundance will decrease by 41.7%
at RCP 4.5 and 79.9% at RCP 8.5 (Table 4). The distribution area will
decrease as the main distribution area will shift to mountain re-
gions of Gangwon-do (Figures 5 and 6).
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This species usually inhabits forests, but it is also found in forest
edges, rice paddies, and agricultural ﬁelds (Lake Biwa Museum
2014). It is distributed in China, Taiwan, and Korea, where it is
recorded in Chiaksan Mountain, Palgongsan Mountain, Namjang-
sanMountain, MuaksanMountain, Geojedo Island, and Jindo Island
in South Korea (Park and Paik 2001). The abundance of this species
was signiﬁcantly correlated with minimum, maximum, average
temperature, vegetation index, and altitude, with a positive corre-
lation with temperature factors and altitude, and negative corre-
lation with vegetation index. Therefore, it prefers habitats with
high temperature and young forests (Table 2). Multiple regression
analysis showed that maximum and minimum temperatures and
precipitation had a signiﬁcant impact on abundance (Table 1). In
this study, its distribution was limited to Southern Jeollado and
Gyeongsangdo. It occurred at 46 sites with 12.6% occurrence. The
temperature distribution range of this species was 9.2e13.9C, and
the average (12C) of annual average temperature of the collection
sites was relatively high. When temperature rises, the abundance
will increase by 55.9% at RCP 4.5 and 239.4% at RCP 8.5 (Table 4).
Although the distribution region will expand throughout South
Korea, it will mainly occur at low altitudes but it will not occur at
high altitudes even in 50 years later due to preference for high
temperature (Figures 5 and 6).
Pseudoplandria sp. 1
One species (Pseudoplandria sakuradanii) of rove beetles in the
genus Pseudoplandria has been recorded in South Korea (Paek et al
2010), and additional taxonomic review is necessary to conﬁrm this
species. Its body length is 2.4  0.5 mm (n ¼ 5), and its body is
brown and covered with ﬁne hairs and has no gloss. There are re-
cords of Pseudoplandria sakuradanii in Ulleungdo in 2012 (Lim et al
2013). In this study, this species was collected throughout South
Korea, and the collection sites mainly occurred in the central part of
South Korea such as Northern Gyeongbuk and Chungnam. This
species was collected at 40 sites with 10.9% occurrence. Its tem-
perature distribution rangewas 7.5e14.1C and the average (11.2C)
of annual average temperature of the collection sites was relatively
high. However, it was predicted that when temperature rises, the
abundance will decrease by 14.8% at RCP 4.5 and 31.5% at RCP 8.5
(Figures 5 and 6 and Table 4). The change in distribution areas was
small at RCP 4.5, but it is expected that there will be a reversed
pattern of abundance distribution in RCP 8.5. It is expected to
disappear from its current distribution area and be found in areas in
which it is not currently distributed (Figures 5 and 6).
Nitidulidae sp. 4
This species is overall brown in body color and has black pat-
terns on the forewings with a body length of 3.4  0.4 mm (n ¼ 5).
Abundance of this species is signiﬁcantly related to temperature
and vegetation index (Table 2), and multiple regression analysis
showed that annual average of temperature and vegetation index
(NDVI) are factors that determine abundance. Of the two factors, it
is negatively correlated with vegetation index, showing that this
species may prefer young forests or open terrain rather than
mature forests (Table 1). This species is distributed throughout
South Korea but its occurrence is low in Gangwon-do (occurred at
only 1 site). They were collected at 43 sites (11.5% of occurrence)
and the average of annual average temperature of the collection
sites was 9.8e13.2C (average 11.8C). Thus, this species inhabits
relatively high temperatures and is expected to increase when
temperature rises (24.6% at RCP 4.5 and 89.3% at RCP 8.5). It is ex-
pected that abundance will be high in the southern and eastern
coastlines and it will decrease towards inland regions and the
north, so it will be changed towards a pattern of abundance in thedirection where the negative correlation of temperature and
abundance is high (Figures 5 and 6).
Algon grandicollis
This species is glossy black. Its pronotum is oval and the body
length is 19.6  2.1 mm (n ¼ 5). In South Korea, it was collected in
gardens (altitude 1180 m) near a wood cabin in August using pitfall
traps in Gariwangsan Mountain (Lee et al 2014), as well as dead
trees in the Gwangneung Forest (Lee et al 2012), and Ulleung-do
(Lim et al 2013). This species is distributed in Japan and China
(Cho and Ahn 2001). In this study, this species was found to be
distributed throughout South Korea, but mainly occurred in the
central area of South Korea such as Northern Gyeongbuk and
Chungnam. It occurred at 40 sites (10.9% of occurrence) and its
temperature distribution range was 7.5e14.1C with a relatively
high average of annual average temperature at the collection sites
(11.2C). It is expected that when temperature rises, the abundance
will decrease by 14.8% at RCP 4.5 and 31.5% at RCP 8.5 (Table 4), and
that the high abundance areas will gradually shift to higher alti-
tudes (Figures 5 and 6).
Ocypus coreanus
This species is a Korean endemic species (Cho and Ahn 2001),
and adults, which are usually active at night, emerging between
May and September (Shon 2009). According to the investigation in
Gariwangsan Mountain, it was collected in all of the study sites
such as forests (deciduous, larch), clear cutting areas, selectively
thinned forest, and heavily thinned forest. It was continuously
collected only by pitfall traps between June and September, and
was not collected by Malaise traps, sweeping, and lighting traps
(Lee et al 2014). At Yeonyeobsan Mountain, this species was
abundantly collected between April and September (Lee et al
2005), and there are also records at Byeonsanbando National Park
(Jeong et al 2011). Its body length was reported to be w25 mm
(Shon 2009) and 23.2 mm (Lee et al 2014), and in this study, the
body length was 24.0  1.1 mm (n ¼ 5). The collection sites were
restricted to northeastern parts of South Korea such as Gangwon-
do, Gyeonggi-do, and Chungbuk, and this species was collected at
40 sites with 10.9% of occurrence. The temperature range of the
collection sites was 6.4e14.1C, with a relatively low average of
9.1C. As climate warms, it is expected to decrease by 22.3% at RCP
4.5 and by 47.1% at RCP 8.5. In the current distribution, predicted in
the species distribution model, the area with high abundance was
Gangwon-do, being overall coincided with occurrence data in this
study. However, while it is almost absent at lower altitudes inland,
it is predicted to live in low abundance in the southern and western
coastlines (Figures 5 and 6). When the temperature rises, areas
with relatively high density currently will decrease in abundance,
and it is expected that areas of low density distributionwill expand,
such as the coastal areas in the south and west and the adjacent
inland areas (Figures 5 and 6).
Ocypus weisei
This species can be easily identiﬁed compared with other spe-
cies because its head, pronotum, forewings, and the 5e6th seg-
ments of the abdomen are covered with golden hair. Its body length
is 23.5  1.1 mm (n ¼ 5). In South Korea, it has been recorded in
Ulleungdo (Lim and Lee 2012) and Yeonyeobsan Mountain in
Chuncheon, Gangwon-do (Lee et al 2005). Outside of Korea, it is
distributed in Japan and China (Cho and Ahn 2001). In Japan, it is
usually found in ﬂatlands or low altitude areas (Ueno et al 1989). In
this study, it was collected throughout South Korea, excluding
Gyeonggi-do. This species occurred at 38 sites with 10.8% of
occurrence (Appendix 1). Only maximum temperature signiﬁcantly
inﬂuenced abundance (Table 1). This species was collected at a
Figure 7. Average of annual mean temperature at the collection sites and the rate of change in abundance in the 18 candidate beetle species for which abundance was quantitatively
predicted according to the climate scenario of RCP 4.5 (diamonds) and 8.5 (rectangles). The values for the rate of change in abundance are provided in Table 5.
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(Appendix 1). The abundancewas highest at temperatures between
11C and 13C, showing a typical normal distribution (Figure 4).
When temperature rises, the abundance will decrease by 16.8% at
RCP 4.5 and 35.7% at RCP 8.5 (Table 4). Its current distribution was
throughout South Korea, excluding the mountain regions of
Gangwon-do, where this species will live in abundance with the
rise of temperature. Although this species will decrease in abun-
dance, this will not lead to a large reduction in distribution area
(Figures 5 and 6).
Pocadites sp. 1
This species is overall brown and is covered with setae. Its body
length is 3.3  0.2 mm (n ¼ 3). In South Korea, the genus Pocadites
has not been recorded (Paek et al 2010), although several species
have been recorded in Japan. There is little known about this
genus (Kurosawa et al 1992). It was distributed throughout South
Korea, but it was collected mainly in the Chungbuk area. It was
collected at 38 sites with occurrence of 7.5% and a temperature
distribution range of 7.5e14.1C (average 11.2C; Appendix 1).
Therefore, an increase in abundance is expected with a rise in
temperature (RCP 4.5, 46.4% and RCP 8.5, 172.5%, Table 4), and
upward shift will lead to an increase in distribution area. In
addition, it is expected that there will be a clear gradient (higher
abundance with higher temperature) of abundance (Figures 5
and 6).
Qualitative prediction of abundance
For common species ( 10% occurrence) that were excluded
from quantitative predictions due to the non-normal distribution ofabundance and moderately common species (1e10% occurrence),
the abundance was predicted qualitatively with three types of in-
crease, no change, or decrease. In the quantitative prediction of the
18 candidate species, the relationship between abundance change
rate and average values of average annual temperatures of the
collection sites is shown in Figure 7. The average of annual average
temperature of the collection sites of the species had a linear
relationship with rate of change of abundance: 100  (abundance
in 2056e2065  abundance in 2011e2015)/abundance in 2011e
2015. Therefore, when calculating based on the regression models
shown in Figure 7, the change rate becomes 0 at 10.95C in RCP 4.5
and 10.66C in RCP 8.5. Thus, when the average of the average
annual temperature of the collection sites is 10.66e10.95C, the
abundance will not change. When higher, the abundance will in-
crease, but when lower, the abundance will decrease. It is predicted
that of the 133 species, 51 will increase in abundance with the rise
in temperature, 65 will decrease, and 17 will not have any change
(Table 5).
Conclusion
In this study, quantitative and qualitative predictions were
made of the abundance distribution of beetles due to rises in
temperature, and it was predicted that of the 151 species, 57 would
increase, 77 would decrease, and 17 would have no change. The
studies conducted on spiders (Kwon et al 2014b) and ants (Kwon
et al 2014c) also had more species that would decrease rather
than increase. However, the number of species that would decrease
was lower for beetles than spiders (76 to decrease, 18 to increase, 8
not to change) and ants (32 to decrease, 15 to increase). Generally,
insects in tropical regions are highly affected by rise in temperature,
Table 5. Qualitative prediction of abundance for common beetle species (> 1% occurrence) except the 18 candidate species in Table 4.
Family Family (in Korean) Species Species (in Korean) Change
Carabidae 딱정벌레과 Synuchus spp. 1 Decrease
Nebria chinensis chinensis 중국먼지벌레 Decrease
Cymindis (Menas) daimio 밑빠진먼지벌레 Decrease
Coptolabrus smaragdinus 홍단딱정벌레 Decrease
Nebria (Orientonebria) coreica 고려먼지벌레 Decrease
Amara (Amara) ussuriensis 우수리둥글먼지벌레 Decrease
Trichotichnus spp. 1 Decrease
Trechus (Epaphius) ephippiatus 꼬마먼지벌레 Decrease
Aulonocarabus (Weolseocarabus) koreanus 고려줄딱정벌레 Decrease
Pterostichus (Nialoe) scurrus 이사길쭉먼지벌레 Decrease
Pterostichus (Koreonialoe) spp. 1 Decrease
Pristosia vigil 만주애납작먼지벌레 Decrease
Cymindis (Tarulus) vaporariorum immaculatus 애밑빠진먼지벌레 Decrease
Calosoma inquisitor cyanescens 풀색명주딱정벌레 Decrease
Pterostichus (Nialoe) audax 수도길쭉먼지벌레 Decrease
Coreocarabus fraterculus 두꺼비딱정벌레 Decrease
Aulonocarabus (Adelocarabus) seishinensis seishinensis 청진민줄딱정벌레 Decrease
Leptinocarabus wulfﬁusi 애기맵시딱정벌레 Decrease
Aulonocarabus (Adelocarabus) semiopacus 민줄딱정벌레 Decrease
Pterostichus (Steropus) orientalis orientalis 동양길쭉먼지벌레 Decrease
Poecilus nemotoi 우리금빛먼지벌레 Decrease
Platynus (Pseudoplatynus) magnus 꼬마큰납작먼지벌레 Decrease
Cerambycidae 하늘소과 Moechotypa diphysis 털두꺼비하늘소 Decrease
Curculionidae 바구미과 Anosimus decoratus 다리가시뭉뚝바구미 Decrease
Cyphicerinus tessellatus 뭉뚝바구미 Decrease
Enaptorrhinus granulatus 털보바구미 Decrease
Myllocerus sp. 2 Decrease
Pseudocneorhinus bifasciatus 땅딸보가시털바구미 Decrease
Pseudocneorhinus obesus 두줄무늬가시털바구미 Decrease
Pseudocneorhinus setosus 가시털바구미 Decrease
Shirahoshizo sp. 3 Decrease
Elateridae 방아벌레과 Elateridae sp. 1 Decrease
Elateridae sp. 3 Decrease
Selatotomus puncticollis 청동방아벌레 Decrease
Endomychidae 무당벌레붙이과 Endomychidae sp. 1 Decrease
Geotrupidae 금풍뎅이과 Chromogeotrupes auratus 보라금풍뎅이 Decrease
Histeridae 풍뎅이붙이과 Hister sp. 1 Decrease
Hister sp. 2 Decrease
Hydrophilidae 물땡땡이과 Hydrophilidae sp. 1 Decrease
Melandrydae 긴썩덩벌레과 Melandrydae sp. 2 Decrease
Melolonthidae 검정풍뎅이과 Gastroserica herzi 줄우단풍뎅이 Decrease
Maladera spp. 1 Decrease
Sericania fuscolineata 흑다색우단풍뎅이 Decrease
Sophrops striata Decrease
Nitidulidae 밑빠진벌레과 Epuraea funeraria 검정납작밑빠진벌레 Decrease
Oedemeridae 하늘소붙이과 Oedemera amuremsis 아무르하늘소붙이 Decrease
Scolytidae 나무좀과 Xylosandrus sp. 1 Decrease
Silphidae 송장벌레과 Nicrophorus quadripunctatus 넉점박이송장벌레 Decrease
Ptomascopus morio 꼬마검정송장벌레 Decrease
Staphylinidae 반날개과 Anotylus sp. 1 Decrease
Aleocharinae sp. 5 Decrease
Atheta (Microdora) sp. 4 Decrease
Heterothops rotundiceps 큰아기방패반날개 Decrease
Tachyporimae sp. 5 Decrease
Staphylinidae sp. 7 Decrease
Atheta (Microdora) spp. Decrease
Sepedophilus germanus 갈색알뽀족반날개 Decrease
Domeme curtipennis 검붉은딱지왕개미반날개 Decrease
Aleocharinae sp. 4 Decrease
Atheta (Microdora) sp. 3 Decrease
Philonthus virgatus 버섯좀반날개 Decrease
Staphylinidae sp. 6 Decrease
Philonthus cyanipennis 남색좀반날개 Decrease
Tachyporimae sp. 1 Decrease
Tenebrionidae 거저리과 Misolampidius tentyrioides 호리병거저리 Decrease
Carabidae 딱정벌레과 Trigonognatha coreana 한국길쭉먼지벌레 Stable
Hapalus (Harpalus) corporosus 검은머리먼지벌레 Stable
Cryptophagidae 곡식쑤시기과 Cryptophagus sp. 1 Stable
Curculionidae 바구미과 Curculio sikkimensis 밤바구미 Stable
Cyrtepistomus castaneus 밤색주둥이바구미 Stable
Leptomias humilis 애뚱보가슴바구미 Stable
Lissorphoptrus oryzophilus 벼물바구미 Stable
Shirahoshizo sp. 1 Stable
Elateridae 방아벌레과 Agrypnus binodulus 녹슬은방아벌레 Stable
(continued on next page)
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Table 5. (continued )
Family Family (in Korean) Species Species (in Korean) Change
Scarabaeidae 소똥구리과 Onthophagus fodiens 모가슴소똥풍뎅이 Stable
Staphylinidae 반날개과 Tachyporimae sp. 7 Stable
Domeme crassicorimis 검은왕개미반날개 Stable
Osorius taurus 투구반날개 Stable
Athetini spp. Stable
Atheta (Dimetrota) weisei 좁쌀바수염반날개 Stable
Tenebrionidae 거저리과 Pedinus strigosus 제주거저리 Stable
Uloma bonzica 뿔우묵거저리 Stable
Aphodiidae 똥풍뎅이과 Saprosites japonicus 통나무풍뎅이 Increase
Carabidae 딱정벌레과 Anomotarus stigmulus 고운먼지벌레 Increase
Chlaenius (Pachydinodes) virgulifer 끝무늬먼지벌레 Increase
Galerita (Galerita) orientalis 목가는먼지벌레 Increase
Diplocheila (Submera) zeelandica 모래사장먼지벌레 Increase
Anisodactylus (Anisodactylus) tricuspidatus 애먼지벌레 Increase
Harpalus (Pseudoophonus) simplicidens 서울머리먼지벌레 Increase
Pheropsophus jessoensis 폭탄먼지벌레 Increase
Cosmodiscus platynotus Increase
Dischissus mirandus 큰털보먼지벌레 Increase
Amara (Amara) congrua 어리둥글먼지벌레 Increase
Stenolophus spp. 1 Increase
Harpalus (Harpalus) tinctulus 붉은다리머리먼지벌레 Increase
Oxycentrus argutoroides 긴머리먼지벌레 Increase
Harpalus (Pseudoophonus) niigatanus 참머리먼지벌레 Increase
Amara (Amara) obscuripes 사천둥글먼지벌레 Increase
Chrysomelidae 잎벌레과 Sangariola punctatostriata 곰보가슴벼룩잎벌레 Increase
Curculionidae 바구미과 Episomus turritus 혹바구미 Increase
Pseudocneorhinus minimus 꼬마가시털바구미 Increase
Shirahoshizo sp. 2 Increase
Elateridae 방아벌레과 Spheniscosomus cete 붉은다리빗살방아벌레 Increase
Geotrupidae 금풍뎅이과 Bolbelasmus coreanus 참금풍뎅이 Increase
Leiodidae 알버섯벌레과 Agathidium sp. 1 Increase
Lucanidae 사슴벌레과 Serrognathus platymelus 넓적사슴벌레 Increase
Melolonthidae 검정풍뎅이과 Metabolus impressifrons 고려노랑풍뎅이 Increase
Serica sp. 1 Increase
Mordellidae 꽃벼룩과 Mordellistena sp. 3 Increase
Nitidulidae 밑빠진벌레과 Epuraea sp. 1 Increase
Nitidulidae sp. 3 Increase
Nitidulidae sp. 4 Increase
Nitidulidae sp. 5 Increase
Nitidulidae sp. 7 Increase
Pocadites sp. 1 Increase
Rhynchophoridae 왕바구미과 sipalinus gigas 왕바구미 Increase
Rutelidae 풍뎅이과 Adoretus tenuimaculatus 주둥무늬차색풍뎅이 Increase
Anomala koreana 꼬마청동줄풍뎅이 Increase
Scarabaeidae 소똥구리과 Caccobius brevis 작은꼬마소똥구리 Increase
Onthophagus olsouﬁefﬁ 꼬마외뿔소똥풍뎅이 Increase
Silphidae 송장벌레과 Eusilpha jakowlewi 큰넓적송장벌레 Increase
Staphylinidae 반날개과 Pinophilus lewisius 수중다리반날개 Increase
Tachyporimae sp. 8 Increase
Scaphisoma sp. 1 Increase
Tolmerinus sp. 2 Increase
Tachyporimae sp. 2 Increase
Lordithon sp. 1 Increase
Anotylus lewisius 좁쌀줄반날개 Increase
Aleocharinae sp. 2 Increase
Tenebrionidae 거저리과 Plesiophthalmus davidis 산맴돌이거저리 Increase
Stenophanes mesostena 극동김맴돌이거저리 Increase
Uloma marseuli 민우묵거저리 Increase
Trogidae 송장풍뎅이과 Trox nishijimai 검은털송장풍뎅이 Increase
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of many species may even increase because thermal conditions
improve as coldness decrease (Deutsch et al 2008). However, it is
judged that taking into consideration this study and other pre-
ceding studies (Kwon et al 2014b, 2014c), there is a high possibility
that more species of insects (ants and beetles) and spiders in South
Korea in the temperate regions will decrease as climate warms.
Thus, such conﬂicting predictions will require veriﬁcation through
additional studies. In peninsulas such as Korea, the immigration ofsouthern insects is blocked by a geographical barrier (ocean), and it
is therefore likely that the number of species will decrease at low
altitudes and in southern areas. However, in regions that are not
peninsular, poleward shifts of southern species are not blocked, and
therefore this phenomenon will not occur. This prediction
(vulnerability of peninsular biota against climate change) will
require global scale veriﬁcation in the future, based on changes in
occurrence of various organisms in various regions (nonpeninsular
vs. peninsular areas).
Appendix 1. Occurrence (number of occurrence sites) and temperatures of collection sites of beetle species collected from a national
survey at 366 forest sites in South Korea from 2006 to 2009.*
Species Korean name Occurrence Temperature
Site % Minimum Maximum Average
Synuchus spp. 1 161 44.0 6.1 14.1 10.6
Chlaenius naeviger 쌍무늬먼지벌레 125 34.2 7.6 14.1 11.4
Tolmerinus sp. 1 119 32.5 7.6 14.1 11.3
Platydracus brevicornis 홍딱지반날개 117 32.0 7.6 14.1 10.9
Maladera spp. 1 105 28.7 6.1 14.1 9.7
Synuchus spp. 2 98 26.8 6.1 14.1 10.7
Nicrophorus quadripunctatus 넉점박이송장벌레 94 25.7 6.1 13.3 10.2
Onthophagus atripennis 흑가슴검정소똥구리 91 24.9 6.8 14.1 11.3
Eucarabus spp. 1 우리딱정벌레 89 24.3 6.1 12.7 9.6
Onthophagus fodiens 모가슴소똥풍뎅이 81 22.1 7.2 14.1 10.7
Hylobius haroldi 솔곰보바구미 69 18.9 6.8 13.9 10.4
Coptolabrus jankowskii 멋쟁이딱정벌레 66 18.0 6.8 13.4 10.4
Misolampidius tentyrioides 호리병거저리 65 17.8 6.1 13.2 9.6
Anaedius mroczkowskii 묘향산거저리 57 15.6 8.1 13.5 10.9
Pseudocneorhinus bifasciatus 땅딸보가시털바구미 54 14.8 7.1 14.1 10.5
Calosoma maximowiczi 검정명주딱정벌레 51 13.9 6.5 12.4 9.4
Leptomias humilis 애뚱보가슴바구미 49 13.4 6.1 13.6 10.7
Planetes (Planetes) puncticeps 두점박이먼지벌레 46 12.6 9.2 13.9 12.0
Pseudoplandria sp. 1 42 11.5 8.2 13.1 10.6
Nitidulidae sp. 4 42 11.5 9.8 13.9 11.8
Algon spaericollis 가슴반날개 40 10.9 7.5 14.1 11.2
Ocypus coreanus 한국반날개 40 10.9 6.4 14.1 9.1
Ocypus weisei 노랑털검정반날개 38 10.4 7.5 13.5 11.1
Pocadites sp. 1 38 10.4 7.5 14.1 11.2
Calosoma inquisitor cyanescens 풀색명주딱정벌레 32 8.7 6.1 12.4 9.2
Pterostichus (Nialoe) scurrus 이사길쭉먼지벌레 31 8.5 6.1 13.2 9.5
Eusilpha jakowlewi 큰넓적송장벌레 31 8.5 7.6 14.1 11.2
Hydrophilidae sp. 1 31 8.5 8.2 13.1 10.6
Hapalus (Harpalus) corporosus 검은머리먼지벌레 29 7.9 7.5 13.5 10.7
Pristosia vigil 만주애납작먼지벌레 28 7.7 6.8 11.4 9.3
Onthophagus olsouﬁefﬁ 꼬마외뿔소똥풍뎅이 28 7.7 8.7 13.6 11.4
Atheta (Microdora) sp. 4 27 7.4 8.3 12.8 10.4
Tolmerinus sp. 2 26 7.1 8.4 13.8 11.3
Nebria chinensis chinensis 중국먼지벌레 25 6.8 9.2 13.2 10.6
Pseudocneorhinus obesus 두줄무늬가시털바구미 25 6.8 7.6 12.7 10.5
Anotylus lewisius 좁쌀줄반날개 24 6.6 9.8 13.2 11.3
Trigonognatha coreana 한국길쭉먼지벌레 23 6.3 8.5 13.7 10.9
Tachyporinae sp. 7 23 6.3 8.9 13.2 11.0
Cercyon sp. 1 21 5.7 8.3 13.9 10.5
Pheropsophus jessoensis 폭탄먼지벌레 20 5.5 7.6 13.9 11.8
Anotylus sp. 1 20 5.5 8.4 13.2 10.6
Epuraea sp. 1 20 5.5 8.8 13.2 11.1
Pterostichus (Steropus) orientalis orientalis 동양길쭉먼지벌레 19 5.2 6.1 10.0 8.2
Philonthus cyanipennis 남색좀반날개 19 5.2 7.5 11.3 8.9
Hister sp. 1 19 5.2 8.1 13.6 10.3
Uloma bonzica 뿔우묵거저리 19 5.2 6.5 13.5 10.9
Harpalus (Pseudoophonus) niigatanus 참머리먼지벌레 18 4.9 7.5 13.2 11.2
Coptolabrus smaragdinus 홍단딱정벌레 18 4.9 8.3 12.9 10.6
Pedinus strigosus 제주거저리 18 4.9 8.4 13.2 10.7
Atheta (Dimetrota) weisei 좁쌀바수염반날개 17 4.6 9.3 13.1 10.7
Hister sp. 2 17 4.6 8.3 12.8 10.0
Melandrydae sp. 2 17 4.6 6.1 12.8 10.4
Saprosites japonicus 통나무풍뎅이 16 4.4 10.5 13.2 12.2
Pterostichus (Koreonialoe) spp. 1 15 4.1 6.1 11.5 9.4
Galerita (Galerita) orientalis 목가는먼지벌레 15 4.1 10.5 14.1 12.2
Pterostichus (Nialoe) audax 수도길쭉먼지벌레 15 4.1 6.1 12.8 9.2
sipalinus gigas 왕바구미 15 4.1 8.4 13.9 11.5
Oxycentrus argutoroides 긴머리먼지벌레 14 3.8 7.7 13.6 11.2
Staphylinidae sp. 7 14 3.8 8.0 12.7 10.2
Agrypnus binodulus 녹슬은방아벌레 14 3.8 7.6 13.1 10.9
Metabolus impressifrons 고려노랑풍뎅이 14 3.8 9.8 13.5 11.6
Stenolophus spp. 1 13 3.6 10.4 12.8 11.4
Aulonocarabus (Adelocarabus) semiopacus 민줄딱정벌레 13 3.6 6.1 9.8 8.2
Cryptophagus sp. 1 13 3.6 9.4 12.5 10.7
Cyphicerinus tessellatus 뭉뚝바구미 13 3.6 8.8 13.2 10.6
Cyrtepistomus castaneus 밤색주둥이바구미 13 3.6 8.4 13.2 10.8
(continued on next page)
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(continued )
Species Korean name Occurrence Temperature
Site % Minimum Maximum Average
Pseudocneorhinus setosus 가시털바구미 13 3.6 8.0 12.4 10.0
Aulonocarabus (Weolseocarabus) koreanus 고려줄딱정벌레 12 3.3 8.0 12.7 9.6
Aulonocarabus (Adelocarabus) seishinensis seishinensis 청진민줄딱정벌레 12 3.3 7.6 10.9 8.9
Caccobius brevis 작은꼬마소똥구리 12 3.3 10.3 13.6 12.3
Lissorphoptrus oryzophilus 벼물바구미 12 3.3 8.8 13.1 10.8
Sophrops striata 12 3.3 6.5 11.5 9.3
Nebria (Orientonebria) coreica 고려먼지벌레 11 3.0 7.5 12.0 10.2
Amara (Amara) obscuripes 사천둥글먼지벌레 11 3.0 7.5 13.5 11.1
Cymindis (Tarulus) vaporariorum immaculatus 애밑빠진먼지벌레 11 3.0 7.1 10.8 9.3
Aleocharinae sp. 5 11 3.0 7.5 13.9 10.6
Gastroserica herzi 줄우단풍뎅이 10 2.7 7.7 12.2 10.6
Xylosandrus sp. 1 10 2.7 8.2 13.2 10.6
Diplocheila (Submera) zeelandica 모래사장먼지벌레 9 2.5 10.5 13.7 12.2
Cymindis (Menas) daimio 밑빠진먼지벌레 9 2.5 8.4 13.8 10.6
Anisodactylus (Anisodactylus) tricuspidatus 애먼지벌레 9 2.5 10.7 14.1 12.0
Atheta (Microdora) spp. 1 9 2.5 8.4 12.8 10.2
Anomala koreana 꼬마청동줄풍뎅이 9 2.5 9.5 12.9 11.4
Nitidulidae sp. 5 9 2.5 9.8 12.5 11.3
Nitidulidae sp. 7 9 2.5 8.8 13.8 11.8
Coreocarabus fraterculus 두꺼비딱정벌레 8 2.2 6.1 12.8 8.9
Leptinocarabus wulfﬁusi 애기맵시딱정벌레 8 2.2 7.5 9.0 8.4
Aleocharinae sp. 2 8 2.2 9.9 12.8 11.1
Athetini spp. 1 8 2.2 9.8 11.8 10.7
Lordithon sp. 1 8 2.2 9.8 13.2 11.3
Philonthus virgatus 버섯좀반날개 8 2.2 7.5 13.6 9.1
Tachyporinae sp. 8 8 2.2 9.9 13.2 11.5
Agathidium sp. 1 8 2.2 8.9 12.9 11.2
Elateridae sp. 1 8 2.2 6.1 12.5 9.7
Plesiophthalmus davidis 산맴돌이거저리 8 2.2 10.1 12.8 11.9
Ptomascopus morio 꼬마검정송장벌레 8 2.2 8.4 11.3 9.9
Sericania fuscolineata 흑다색우단풍뎅이 8 2.2 8.0 12.0 10.1
Serrognathus platymelus 넓적사슴벌레 8 2.2 9.9 13.8 12.4
Spheniscosomus cete 붉은다리빗살방아벌레 8 2.2 10.0 12.2 11.1
Harpalus (Pseudoophonus) simplicidens 서울머리먼지벌레 7 1.9 9.9 13.1 11.9
Domeme curtipennis 검붉은딱지왕개미반날개 7 1.9 8.8 10.9 10.0
Elateridae sp. 3 7 1.9 8.7 10.9 10.2
Trox nishijimai 검은털송장풍뎅이 7 1.9 10.2 12.9 11.8
Platynus (Pseudoplatynus) magnus 꼬마큰납작먼지벌레 6 1.6 6.1 8.0 7.4
Harpalus (Harpalus) tinctulus 붉은다리머리먼지벌레 6 1.6 10.4 13.0 11.3
Poecilus nemotoi 우리금빛먼지벌레 6 1.6 6.1 8.8 7.8
Dischissus mirandus 큰털보먼지벌레 6 1.6 9.8 12.9 11.5
Heterothops rotundiceps 큰아기방패반날개 6 1.6 8.9 13.0 10.4
Scaphidium sp. 3 6 1.6 10.6 13.5 12.5
Scaphisoma sp. 1 6 1.6 10.5 13.0 11.4
Bolbelasmus coreanus 참금풍뎅이 6 1.6 8.8 13.6 11.5
Enaptorrhinus granulatus 털보바구미 6 1.6 8.4 11.1 9.8
Mordellistena sp. 3 6 1.6 9.8 12.9 12.0
Oedemera amuremsis 아무르하늘소붙이 6 1.6 9.7 11.2 10.6
Physoronia sp. 1 6 1.6 9.7 13.3 10.9
Pocadites sp. 3 6 1.6 9.1 11.1 9.9
Shirahoshizo sp. 2 6 1.6 10.1 12.3 11.2
Cosmodiscus platynotus 5 1.4 10.4 13.0 11.8
Trichotichnus spp. 1 5 1.4 8.0 11.6 10.0
Amara (Amara) congrua 어리둥글먼지벌레 5 1.4 10.2 13.2 11.5
Sepedophilus germanus 갈색알뽀족반날개 5 1.4 7.5 11.3 10.1
Staphylinidae sp. 6 5 1.4 8.0 10.4 9.0
Adoretus tenuimaculatus 주둥무늬차색풍뎅이 5 1.4 10.1 13.7 11.8
Anosimus decoratus 다리가시뭉뚝바구미 5 1.4 9.3 12.9 10.6
Chromogeotrupes auratus 보라금풍뎅이 5 1.4 8.4 11.8 10.5
Endomychidae sp. 1 5 1.4 9.2 11.2 10.3
Moechotypa diphysis 털두꺼비하늘소 5 1.4 8.3 12.8 10.3
Nitidulidae sp. 3 5 1.4 9.9 13.2 12.2
Pseudocneorhinus minimus 꼬마가시털바구미 5 1.4 9.8 12.8 11.1
Serica sp. 1 5 1.4 11.3 13.2 12.3
Shirahoshizo sp. 3 5 1.4 8.9 11.2 10.4
Stenophanes mesostena 극동김맴돌이거저리 5 1.4 9.3 13.1 11.8
Uloma marseuli 민우묵거저리 5 1.4 11.3 13.2 12.3
Anomotarus stigmulus 고운먼지벌레 4 1.1 12.2 13.7 13.1
Trechus (Epaphius) ephippiatus 꼬마먼지벌레 4 1.1 8.4 11.1 9.7
Amara (Amara) ussuriensis 우수리둥글먼지벌레 4 1.1 7.5 13.2 10.2
Chlaenius (Pachydinodes) virgulifer 끝무늬먼지벌레 4 1.1 11.1 14.1 12.6
Aleocharinae sp. 4 4 1.1 8.7 12.2 9.9
Atheta (Microdora) sp. 3 4 1.1 8.3 10.5 9.6
Domeme crassicorimis 검은왕개미반날개 4 1.1 9.2 12.8 11.0
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Osorius taurus 투구반날개 4 1.1 9.7 13.0 10.7
Pinophilus lewisius 수중다리반날개 4 1.1 10.3 13.1 11.7
Tachyporinae sp. 1 4 1.1 7.5 9.7 8.6
Tachyporinae sp. 2 4 1.1 9.7 13.0 11.3
Tachyporinae sp. 5 4 1.1 9.7 11.3 10.3
Curculio sikkimensis 밤바구미 4 1.1 10.5 11.2 10.8
Episomus turritus 혹바구미 4 1.1 11.8 13.1 12.5
Epuraea funeraria 검정납작밑빠진벌레 4 1.1 6.1 10.9 9.3
Myllocerus sp. 2 4 1.1 7.7 12.0 10.3
Sangariola punctatostriata 곰보가슴벼룩잎벌레 4 1.1 10.1 12.5 11.2
Selatotomus puncticollis 청동방아벌레 4 1.1 7.7 10.8 9.8
Shirahoshizo sp. 1 4 1.1 10.3 12.1 10.9
Brachinus sp. 1 3 0.8 11.5 12.5 11.9
Pterosticus sp. 1 3 0.8 7.5 9.4 8.4
Brachinus (Brachinidius) stenoderus 꼬마목가는먼지벌레 3 0.8 9.8 11.0 10.6
Leistus (Neoleistus) niger niger 애가슴먼지벌레 3 0.8 7.5 9.4 8.3
Pentagonica daimiella 육모먼지벌레 3 0.8 10.5 11.0 10.8
Pterostichus (Rhagadus) microcephalus 잔머리먼지벌레 3 0.8 9.9 14.1 11.7
Pterostichus (Nialoe) truncatus 진길쭉먼지벌레 3 0.8 6.1 8.4 7.4
Lesticus (Triplogenius) magnus 큰먼지벌레 3 0.8 8.8 11.5 10.2
Chlaenius (Chlaeniellus) ocreatus 민무늬먼지벌레 3 0.8 9.7 13.4 11.0
Anotylus spp. 1 3 0.8 10.5 11.8 11.1
Atheta (Microdora) sp. 1 3 0.8 9.3 11.1 10.1
Bolitobius setiger 어깨무늬뽀족반날개 3 0.8 8.3 10.5 9.5
Drusilla sparsa 굵은수염반날개 3 0.8 11.8 12.7 12.3
Gyrophoena sp. 1 3 0.8 8.9 10.5 9.9
Ontholostes gracilis 녹슬은반날개 3 0.8 8.4 11.0 9.6
Philonthus tardus 붉은테좀반날개 3 0.8 10.5 13.6 12.0
Scaphidium sp. 1 3 0.8 9.7 12.3 10.8
Scaphidium sp. 2 3 0.8 10.5 12.4 11.4
Tachyporinae sp. 10 3 0.8 9.9 12.8 11.2
Tachyporinae sp. 6 3 0.8 9.8 12.3 11.1
Tachyporinae sp. 9 3 0.8 9.9 12.2 11.1
Zyras sp. 1 3 0.8 10.5 12.8 11.4
Chrysanthia integricollis 녹색하늘소붙이 3 0.8 10.3 12.4 11.5
Chrysomela vigintipunctata 버들잎벌레 3 0.8 10.4 12.8 11.2
Contharidae sp. 3 3 0.8 9.8 12.4 10.8
Corymbia rubra 붉은산꽃하늘소 3 0.8 11.7 13.9 13.1
Curculionidae sp. 12 3 0.8 8.8 9.7 9.1
Elateridae sp. 5 3 0.8 8.4 9.8 9.3
Hilyotrogus bicoloreus 쌍색풍뎅이 3 0.8 8.4 12.6 9.9
Lasiodactylus pictus 갈색무늬납작밑빠진벌레 3 0.8 10.7 13.0 12.1
Lasiodactylus sp. 1 3 0.8 11.3 13.0 12.0
Macrocorynus variabilis 왕주둥이바구미 3 0.8 11.3 12.8 12.1
Monolepta sp. 1 3 0.8 9.8 12.2 10.8
Mordellistena sp. 2 3 0.8 12.8 13.0 12.8
Nicrophorus maculifrons 이마무늬송장벌레 3 0.8 8.4 12.6 10.5
Nitidulidae sp. 1 3 0.8 10.9 12.8 12.0
Opilo mollis 긴개미붙이 3 0.8 8.4 13.2 10.3
Pimelocerus orientalis 동양곰보바구미 3 0.8 10.4 10.9 10.6
Pseudocneorhinus adamsi 얼룩무늬가시털바구미 3 0.8 9.9 11.5 10.6
Sericania sp. 1 3 0.8 10.6 12.4 11.7
Trichius succinctus 호랑꽃무지 3 0.8 8.4 12.2 10.6
Elaphrus sp. 1 2 0.5 9.7 10.1 9.9
Harpalus sp. 1 2 0.5 9.4 10.2 9.8
Harpalus sp. 3 2 0.5 10.0 10.2 10.1
Leistus sp. 1 2 0.5 8.1 9.4 8.8
Pterosticus (Feroperis) spp. 2 0.5 7.5 7.9 7.7
Lachnolebia cribricollis 노란가슴먼지벌레 2 0.5 12.6 14.1 13.3
Trigonotoma lewisii 루이스큰먼지벌레 2 0.5 12.7 13.9 13.3
Harpalus (Pseudoophonus) vicarius 북방머리먼지벌레 2 0.5 12.5 13.1 12.8
Harpalus (Pseundoophonus) griseus 씨앗머리먼지벌레 2 0.5 10.6 13.2 11.9
Clivina castanea 애조롱박먼지벌레 2 0.5 8.1 14.1 11.1
Harpalus (Pseudoophonus) pseudophonoides 영실머리먼지벌레 2 0.5 10.5 11.4 10.9
Harpalus (Pseudoophonus) sinicus sinicus 중국머리먼지벌레 2 0.5 10.2 11.8 11.0
Acrotona sp. 1 2 0.5 9.8 11.8 10.8
Atheta (Microdora) sp. 5 2 0.5 10.1 10.6 10.3
Aulacocypus parvulus 구리빛검정반날개 2 0.5 11.3 13.8 12.5
Pselaphinae sp. 1 2 0.5 8.2 10.6 9.4
Staphylinidae sp. 5 2 0.5 8.4 9.7 9.0
Tympanophorus sauteri 점박이반날개 2 0.5 11.3 12.1 11.7
Agrypnus fuliginosus 가는꽃녹슬은방아벌레 2 0.5 11.0 11.6 11.3
Alticinae sp. 1 2 0.5 8.4 13.1 10.7
(continued on next page)
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Anthinobaris dispillota 흰점박이꽃바구미 2 0.5 8.8 9.6 9.2
Cephaloon pallens 목대장 2 0.5 6.1 11.1 8.6
Cerogria janthinipennis 큰남색잎벌레붙이 2 0.5 10.1 11.0 10.6
Dendroxena sexcarinata 네눈박이송장벌레 2 0.5 10.0 10.4 10.2
Dermestidae sp. 1 2 0.5 11.0 14.1 12.5
Dicranocephalus adamsi 사슴풍뎅이 2 0.5 9.8 12.5 11.2
Dictyoptera sp. 1 2 0.5 10.1 12.7 11.4
Elateridae sp. 2 2 0.5 9.2 10.1 9.6
Epilachna quadricollis 꼽추무당벌레 2 0.5 8.4 13.4 10.9
Gametis jucunda 풀색꽃무지 2 0.5 10.9 11.1 11.0
Gastrophysa atrocyanea 좀남색입벌레 2 0.5 8.3 13.1 10.7
Habrissus analis 배쌍혹바구미 2 0.5 10.5 12.1 11.3
Hydrophilidae sp. 2 2 0.5 10.7 10.9 10.8
Judolidia bangi 메꽃하늘소 2 0.5 7.8 10.1 9.0
Lasiorrhynchites brevirostris 뭉툭주둥이거위벌레 2 0.5 8.4 11.3 9.9
Leptomias sp. 1 2 0.5 7.5 8.4 8.0
Lixus acutipennis 흰띠길쭉바구미 2 0.5 12.3 12.8 12.5
Melandrydae sp. 1 2 0.5 8.4 10.4 9.4
Myllocerus sp. 1 2 0.5 11.0 13.0 12.0
Nitidulidae sp. 2 2 0.5 13.2 13.2 13.2
Nitidulidae sp. 8 2 0.5 9.8 11.1 10.4
Notolamus sp. 1 2 0.5 10.9 12.3 11.6
Pagria signata 콩잎벌레 2 0.5 13.0 13.6 13.3
Pectocera fortunei 왕빗살방아벌레 2 0.5 10.5 11.1 10.8
Pidonia puziloi 넉점각시하늘소 2 0.5 9.6 10.4 10.0
Platycerus hongwonpyoi 홍원표비단사슴벌레 2 0.5 6.1 8.0 7.0
Platysoma lewisi 2 0.5 12.2 13.1 12.6
Prionus insularis 톱하늘소 2 0.5 9.6 10.0 9.8
Prismognathus dauricus 다우리아사슴벌레 2 0.5 8.8 10.0 9.4
Rhadinomerus unmon 목도리바구미 2 0.5 11.5 12.8 12.2
Silpha koreana 굽은넓적송장벌레 2 0.5 8.4 9.0 8.7
Sophrops sp. 1 2 0.5 12.6 13.2 12.9
Trachys variolaris 얼룩무늬좀비단벌레 2 0.5 10.9 13.1 12.0
Colpodes sp. 1 1 0.3 6.1 6.1 6.1
Harpalus sp. 2 1 0.3 11.1 11.1 11.1
Platynus sp. 1 1 0.3 11.7 11.7 11.7
Dolichus halensis halensis 등빨간먼지벌레 1 0.3 12.5 12.5 12.5
Notiophilus impressifrons 딱부리먼지벌레 1 0.3 9.0 9.0 9.0
Chlaenius (Callistoides) deliciolus 멋무늬먼지벌레 1 0.3 10.8 10.8 10.8
Harpalus (Pseudoophonus) roninus 설악머리먼지벌레 1 0.3 8.4 8.4 8.4
Harpalus (Harpalus) bungii 애기민머리먼지벌레 1 0.3 11.7 11.7 11.7
Macrochlaenites costiger 줄먼지벌레 1 0.3 11.3 11.3 11.3
Chlaenius (Epomis) nigricans 큰노랑테먼지벌레 1 0.3 10.5 10.5 10.5
Pterostichus (Rhagadus) solskyi 탐라길쭉먼지벌레 1 0.3 7.5 7.5 7.5
Parena nigrolineata nipponensis 흑선두리먼지벌레 1 0.3 12.9 12.9 12.9
Acrotona sp. 2 1 0.3 10.2 10.2 10.2
Acrotona sp. 3 1 0.3 12.4 12.4 12.4
Aleocharinae sp. 3 1 0.3 12.3 12.3 12.3
Anotylus sp. 2 1 0.3 10.5 10.5 10.5
Atheta (Microdora) sp. 2 1 0.3 10.7 10.7 10.7
Bolitobius sp. 1 1 0.3 11.0 11.0 11.0
Colon sp. 1 1 0.3 9.9 9.9 9.9
Drusilla sp. 1 0.3 12.7 12.7 12.7
Homaeotarsus densipenne 긴머리반날개 1 0.3 10.5 10.5 10.5
Homaeotarsus japonicum 일본긴머리반날개 1 0.3 11.2 11.2 11.2
Hypomedon debilicornis 노랑개미반날개 1 0.3 11.8 11.8 11.8
Lordithon bicolor 배검은버섯반날개 1 0.3 9.9 9.9 9.9
Megarthrus hemipterus 큰넓적반날개 1 0.3 9.9 9.9 9.9
Megarthrus sp. 1 1 0.3 10.2 10.2 10.2
Oxypoda sp. 1 1 0.3 8.9 8.9 8.9
Philonthus nakanei 가시발좀반날개 1 0.3 8.2 8.2 8.2
Platyclracus vicarius 좀홍딱지반날개 1 0.3 11.5 11.5 11.5
Pseudoplandria sp. 2 1 0.3 9.4 9.4 9.4
Scaphisoma sp. 2 1 0.3 9.3 9.3 9.3
Staphylinidae sp. 1 1 0.3 10.6 10.6 10.6
Staphylinidae sp. 2 1 0.3 11.8 11.8 11.8
Staphylinidae sp. 3 1 0.3 10.1 10.1 10.1
Staphylinidae sp. 4 1 0.3 8.8 8.8 8.8
Tachyporinae sp. 11 1 0.3 9.6 9.6 9.6
Tachyporinae sp. 3 1 0.3 10.2 10.2 10.2
Tachyporinae sp. 4 1 0.3 9.8 9.8 9.8
Tetrabothrus sp. 1 1 0.3 10.9 10.9 10.9
Acalolepta fraudatorix 우단하늘소 1 0.3 12.2 12.2 12.2
Agelasa nigriceps 노랑가슴녹색잎벌레 1 0.3 9.8 9.8 9.8
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Agrypnus cordicollis 황토색방아벌레 1 0.3 9.0 9.0 9.0
Agrypnus sp. 1 1 0.3 10.5 10.5 10.5
Altica sp. 1 1 0.3 9.8 9.8 9.8
Anastrangalia seguensi 옆거은산꽃하늘소 1 0.3 10.2 10.2 10.2
Anthicomorphus niponicus 검은좀뿔벌레 1 0.3 9.8 9.8 9.8
Aphodius ruﬁpes 큰똥풍뎅이 1 0.3 11.6 11.6 11.6
Archarius parvus 남십자애바구미 1 0.3 10.5 10.5 10.5
Asemum striatum 작은넓적하늘소 1 0.3 8.7 8.7 8.7
Athemus vitellinus 회황색병대벌레 1 0.3 6.1 6.1 6.1
Basanus tsushimensis 금강산거저리 1 0.3 8.1 8.1 8.1
Bruchus sp. 1 1 0.3 10.9 10.9 10.9
Byturidae sp. 1 1 0.3 8.9 8.9 8.9
Carilia virginea 작은청동하늘소 1 0.3 9.7 9.7 9.7
Cassida rubiginosa 청남생이잎벌레 1 0.3 12.3 12.3 12.3
Chiagosinus vittiger 검정테광방아벌레 1 0.3 12.5 12.5 12.5
Chrysomelidae sp. 1 1 0.3 9.7 9.7 9.7
Chrysomelidae sp. 2 1 0.3 9.8 9.8 9.8
Chrysomelidae sp. 3 1 0.3 8.0 8.0 8.0
Contharidae sp. 1 1 0.3 12.3 12.3 12.3
Contharidae sp. 2 1 0.3 10.5 10.5 10.5
Cryptophagidae sp. 1 1 0.3 12.3 12.3 12.3
Cteniopinus hypocrita 노랑썩덩벌레 1 0.3 10.0 10.0 10.0
Cucujidae sp. 1 1 0.3 13.2 13.2 13.2
Curculio styracis 흰띠밤바구미 1 0.3 11.6 11.6 11.6
Curculionidae sp. 1 1 0.3 8.8 8.8 8.8
Curculionidae sp. 10 1 0.3 7.5 7.5 7.5
Curculionidae sp. 11 1 0.3 8.9 8.9 8.9
Curculionidae sp. 13 1 0.3 9.7 9.7 9.7
Curculionidae sp. 14 1 0.3 10.1 10.1 10.1
Curculionidae sp. 15 1 0.3 8.4 8.4 8.4
Curculionidae sp. 16 1 0.3 10.0 10.0 10.0
Curculionidae sp. 17 1 0.3 9.7 9.7 9.7
Curculionidae sp. 2 1 0.3 10.3 10.3 10.3
Curculionidae sp. 3 1 0.3 11.0 11.0 11.0
Curculionidae sp. 4 1 0.3 11.5 11.5 11.5
Curculionidae sp. 5 1 0.3 9.9 9.9 9.9
Curculionidae sp. 6 1 0.3 8.2 8.2 8.2
Curculionidae sp. 7 1 0.3 7.6 7.6 7.6
Curculionidae sp. 8 1 0.3 10.0 10.0 10.0
Curculionidae sp. 9 1 0.3 9.7 9.7 9.7
Dacne picta 노랑테가는버섯벌레 1 0.3 9.9 9.9 9.9
Dedemeridae sp. 1 1 0.3 8.7 8.7 8.7
Dermestidae sp. 2 1 0.3 9.4 9.4 9.4
Dermestidae sp. 3 1 0.3 11.1 11.1 11.1
Dryophthorus corticalis 솔왕바구미 1 0.3 8.9 8.9 8.9
Elateridae sp. 4 1 0.3 12.8 12.8 12.8
Endomuchus sp. 1 1 0.3 9.7 9.7 9.7
Endomuchus sp. 2 1 0.3 9.7 9.7 9.7
Endulus sp. 1 1 0.3 13.1 13.1 13.1
Endulus sp. 2 1 0.3 9.7 9.7 9.7
Erotylidae sp. 1 1 0.3 9.9 9.9 9.9
Eugnathus distinctus 쌍무늬바구미 1 0.3 10.8 10.8 10.8
Eumyllocerus longulus 긴더듬이주둥이바구미 1 0.3 13.2 13.2 13.2
Holostrophus sp. 1 1 0.3 13.2 13.2 13.2
Holotrichia dimorphalia 참검정풍뎅이 1 0.3 11.9 11.9 11.9
Holotrichia parallela 큰검정풍뎅이 1 0.3 12.8 12.8 12.8
Holotrichia sp. 1 1 0.3 10.5 10.5 10.5
Hylobius pinastri 가문비곰보바구미 1 0.3 8.7 8.7 8.7
Hyotornzo sp. 1 1 0.3 10.5 10.5 10.5
Laena rotundicollis 1 0.3 12.5 12.5 12.5
Lagria nigricollis 잎벌레붙이 1 0.3 8.3 8.3 8.3
Lasiodactylus sp. 2 1 0.3 12.9 12.9 12.9
Lasiodactylus sp. 3 1 0.3 11.2 11.2 11.2
Lema concinnipennis 배노랑긴가슴잎벌레 1 0.3 11.0 11.0 11.0
Lema delicatula 홍줄큰벼잎벌레 1 0.3 10.4 10.4 10.4
Leptura aethiops 꽃하늘소 1 0.3 6.5 6.5 6.5
Lopheros sp. 1 1 0.3 10.2 10.2 10.2
Lopheros sp. 2 1 0.3 10.1 10.1 10.1
Lopheros sp. 3 1 0.3 11.3 11.3 11.3
Luprops orientalis 중국잎벌레붙이 1 0.3 11.3 11.3 11.3
Lymexylon sp. 1 0.3 11.3 11.3 11.3
Macrocorynus elegantulus 새왕주둥이바구미 1 0.3 10.0 10.0 10.0
Macrodorcas recta 애사슴벌레 1 0.3 12.5 12.5 12.5
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Melanotus cribricollis 검정빗살방아벌레 1 0.3 9.8 9.8 9.8
Monolepta dichroa 외발톱잎벌레 1 0.3 10.6 10.6 10.6
Monolepta shirozui 어리발톱잎벌레 1 0.3 12.7 12.7 12.7
Mordellistena sp. 1 1 0.3 9.8 9.8 9.8
Nicrophorus tenuipes 북방송장벌레 1 0.3 6.8 6.8 6.8
Nitidulidae sp. 6 1 0.3 10.1 10.1 10.1
Nitidulidae sp. 9 1 0.3 10.6 10.6 10.6
Onthophagus sp. 1 1 0.3 8.8 8.8 8.8
Onthophagus sp. 2 1 0.3 8.8 8.8 8.8
Paridea angulicollis 세점박이잎벌레 1 0.3 12.3 12.3 12.3
Pidonia similis 산줄각시하늘소 1 0.3 10.8 10.8 10.8
Pocadites sp. 2 1 0.3 12.1 12.1 12.1
Psendopyrochroa brevitarsis 1 0.3 9.8 9.8 9.8
Pterolophia granulata 흰점곰보하늘소 1 0.3 10.7 10.7 10.7
Scolytidae sp. 1 1 0.3 12.8 12.8 12.8
Scolytidae sp. 2 1 0.3 11.5 11.5 11.5
Scolytidae sp. 3 1 0.3 12.5 12.5 12.5
Scolytidae sp. 4 1 0.3 11.4 11.4 11.4
Selatosomus sp. 1 1 0.3 11.2 11.2 11.2
Sophrops sp. 2 1 0.3 9.8 9.8 9.8
Tenebrionidae sp. 1 1 0.3 11.6 11.6 11.6
Tenebrionidae sp. 2 1 0.3 11.9 11.9 11.9
Tenebrionidae sp. 3 1 0.3 13.1 13.1 13.1
Xylosandrus sp. 2 1 0.3 12.8 12.8 12.8
Zeugophora bicolor 쌍무늬혹가슴잎벌레 1 0.3 9.8 9.8 9.8
* Species are listed by the order of occurrence.
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